Background: International treatment guidelines recommend administration of adjuvant chemotherapy in early breast cancer based on clinical, prognostic and predictive parameters.
Background
Breast cancer is the most common malignancy in women in Italy and its incidence is similar to the data from other tumor registry of other countries such as NORDCAN [1] , SEER [2] , UK [3] . Breast cancer incidence increased until 2000. From 2003 breast cancer incidence in USA is little decreasing for the reduced administration of hormonal replacement therapy [4, 5] , while in Italy from 2000 incidence is stable above all because of completed extension of mammographic screening [6] [7] [8] . In Italy breast cancer incidence vary according to geographic location. In fact, it is 115 cases per 100,000 women (45000 new cases each year), consisting of 29% of all new diagnosis of malignancies, with significant differences between North, Centre and South Italy: 123, 103 and 87 new cases are diagnosed each year per 100,000 women, respectively [9] . This difference is due to the different extension of mammographic screening and different risk factors for breast cancer, above all the different life-styles, with North Italy with a life-style more similar to North Europe and United States compared to South Italy.
Breast cancer causes more than 11,000 deaths each year in Italy, 24.2 cases per 100,000 women/year, with no relevant difference between North, Centre and South Italy (24.8, 21.1, 24.7 deaths for breast cancer per 100000 women/year), even if 5-year overall survival is between 85% and 87% in North and Centre Italy, compared to 81% of South Italy [9] . This difference is probably due to the different possibility to access to screening program [10] .
Optimal management of patients with early breast cancer involving integrated treatments encompassing surgery, radiotherapy and systemic therapy had led, together to breast cancer screening, to mortality reduction [11] . Tumor stage, histological grading, estrogen and progesterone receptor (ER and PgR), proliferative index and human epidermal growth factor receptor 2 (HER2) aid in tumor evaluation and often dictate the choice of systemic treatment. Evidence-based international treatment guidelines including those of the NCCN (National Comprehensive Cancer Network) [12] , the National Cancer Institute (NCI) [13] and the St. Gallen Consensus Report [14] recommend using adjuvant therapy for patients with early breast cancer. In particular adjuvant chemotherapy is not recommended for endocrine-sensitive breast cancer (ER-positive, low proliferative index and HER2 negative) with low recurrence risk. On the contrary, it is particularly indicated in at least one of the following biological conditions: ER-negative, HER2 positive, high proliferative index (>30%), grading 3. It remains unclear which is the role of adjuvant chemotherapy in endocrine sensitive breast cancer with intermediate recurrence risk (tumor diameter of 2 cm or more or nodepositive from one to three lymph nodes), grading 2, proliferation index below 30%.
The aim of this retrospective observational study is to analyze factors influencing the choice for adjuvant chemotherapy, type of chemotherapy and schedules of chemotherapy in patients with early breast cancer in order to improve knowledge about the therapeutic management of early breast cancer in Italy and verify the adherence to international guidelines.
Methods

Study design
NEMESI is a retrospective observational study conducted at oncology unit throughout Northern, Central and Southern Italy. Institution types included IRCCS (Istituto di Ricovero e Cura a Carattere Scientifico), public hospital and private hospitals with oncology unit, public and private university hospitals. Centres were selected from the 386 censed centres (complex oncology units or simple oncology units with or without breast units) reported in the White Book of the Italian Association of Medical Oncology (AIOM 2006) in order to covering the whole spectrum of treatment of breastcancer patients [15] . Centres were selected to represent Italian scenario on the basis of three criteria. The first was a geographic criteria: each area (North, Center and South-Islands) was to be proportional to the centres included in Libro Bianco (North Italy: 33 participating centres of 179 censed centres of Libro Bianco, which represent 52.4% of all centres of the study and 46.4% of all centres of Libro Bianco, respectively; Central Italy: 11 participating centres of 92 censed centres of Libro Bianco, which represent 17.5% of all centres of the study and 23.8% of all centres of Libro Bianco, respectively; Southern Italy and Islands: 19 participating centres of 108 of all centres of Libro Bianco, which means 30.1% of all centres of the study and 29.8% of all centres of Libro Bianco, respectively). The second selection criterion was that each type of Institution must to be rapresentated proportionally to Libro Bianco (7.5% of Private Hospital, 7.5% of IRCCS, 70% of Public or Private Hospital with Oncology Unit and 15% of public and Private University Hospital). The third criterion was to select centres with at least 120 new cases attending each oncologic centre in 2008 in order to ensure anonymity as required by Italian regulations governing observational studies (AIFA document, dated 30 March 2008).
Patients were eligible for the study if they met the following criteria: women, age ≥18 years; histological diagnosis of stage I, II or III breast cancer according to the tumor, node, metastasis (TNM) classification devised by the American Joint Committee on Cancer (AJCC) version VI [16] ; undergone surgery; prescribed and received at least one cycle of adjuvant chemotherapy and/or prescribed adjuvant hormonal therapy; availability of data for the following parameters: tumor dimension (pT), axillary lymph node status (pN), grading (G), ER and PgR, HER2, and proliferative index (Ki67 or MIB-1). However, patients with lacking of one or more of these parameters were eligible and included in the analysis in order to obtain a real photograph of data available for the process choice of adjuvant chemotherapy. Candidates for adjuvant therapy with trastuzumab and/or radiotherapy on the residual breast or thoracic wall, regional supraclavear, internal breast lymph node stations were also eligible. Exclusion criteria were: use of neo-adjuvant therapy, diagnosis of metastatic breast cancer (stage IV) or in-situ carcinoma. Data were retrieved retrospectively by each site from the patients' clinical records.
The protocol was reviewed by the independent ethics committee of the coordinating center. Notification of the study was also sent to the ethics committees of each participating center, as required by Italian regulations governing observational studies (AIFA document, dated 30 March 2008). The protocol complied with the Declaration of Helsinki.
Sample size determination and data collection
Each center was requested to collect, by December 2009, data from a minimum of 10 and a maximum of 30 patients with breast cancer attending the center between 1 January 2008 and 30 June 2008. Each center had two particular requests in the selection of cases. First: data were collected by each center in a consecutive manner from a chronological point of view for patients attending oncologic units in the indicated period in order to exclude any selection bias. Second: each center had the request to collect data from at least 33% of patients receiving adjuvant chemotherapy. This particular inclusion criterion was necessary in order to obtain a sufficient number of patients receiving adjuvant chemotherapy in order to analyze, from a statistical point of view, parameters involving the choice to administer adjuvant chemotherapy. Data were collected on an electronic clinical report form and were submitted for automatic checks to assess completeness, correctness and internal coherence.
Statistical analysis
Continuous variables were summarized using descriptive statistics, including number of subjects, mean, standard deviation, median, minimum, 25th percentile, 75th percentile and maximum. For categorical variables, summaries included counts of subjects and percentages. Multivariate logistic regression analysis was used to assess the relationship between clinical and demographic variables, choice of adjuvant chemotherapy, the regimen administered, and the following covariates: patient age, menopausal status, previous breast cancer history, ECOG performance status, surgery type, tumor stage, ER, PgR, HER2 and proliferative index. ER/PgR status and proliferative index were included in the model as categorical variables as well as continuous variables. A stepwise procedure was used with a significance level of p = 0.05 to retain variables in the model. Odds ratio (OR) estimates and their 95% confidence intervals (CIs) were also calculated. Two-sided 95% CIs for proportions and means are reported where applicable. The Statistical Analysis System version 9.1.3 for Windows (SAS Institute Inc., Cary, NC, USA) was used for statistical analysis.
Results
Demographic and breast cancer biological characteristics
Data were collected from a total of 1894 patients in the 63 participating Italian oncology centres. Demographic data are summarized in Table 1 . Tumor characteristics and biological classification based on ER, PgR, Ki67 or MIB, HER2 are summarized in Table 2 .
The median tumor diameter was 1.7 cm (range: 0.1 to 35.0 cm). Overall 22.3% of tumors were ≤1.0 cm in diameter; pT1c was the more frequent breast cancer pT stage: 44.7%. The median number of involved lymph nodes was 1 (range: 0 to 47), 61.0% were pN0 and 9.9% pN2 or pN3. With respect to tumor biological characteristics, ER was ≥10% in 82.7%, ER ≥1% in 84.9%. When also considering PgR, ER or PgR were ≥1% in 85.5%, ER or PgR ≥10% in 83.5%, ER and PgR both <10% in 16.4%, ER and PgR both 0% in 14.5%.
HER2 was positive in 16.1% of study population, negative in 77.2%, unknown in 6.7%. According to immunohistochemistry, 13.5% were HER2 3+, 11.6% HER2 2+, 20.5% HER2 1+ and 47.8% HER2 0; an amplification test (FISH, SISH, or CISH) was performed in 22.6% cases. 86.8% HER2 2+ were analyzed with amplification test, of which 26.3% HER2 resulted as amplified.
Proliferative index was known in 97.2%. Among these patients, proliferative index was determined with ki67 in 67.2% and with MIB-1 in 32.8%. Ki67 or MIB-1 was ≤20% in 62.5%, from 21% to 30% in 16.3%, >30% in 21.2% cases. Considering different cut-off values, ≤14% in 42.5%, >14% in 57.5%.
Factors affecting choice of adjuvant chemotherapy and type of chemotherapy 57.8% (n = 1095) of the study population received adjuvant chemotherapy. A summary of adjuvant chemotherapy type and the administration schedules are listed in Table 3 . Table 4 presents factors associated with chemotherapy prescription.
Age was a strong determinant for chemotherapy prescription. Overall, there were no differences in the chemotherapy type prescribed according to age, although use of CMF-like regimen was more common among patients aged ≥70 years. While CMF-like therapy was prescribed in 9.1% of the overall population receiving adjuvant chemotherapy, the probability increased to 27.0% in patients aged ≥70 years; however, the difference was not statistically significant due to low numbers.
Menopausal status influenced the decision to use adjuvant chemotherapy: 74.9% of premenopausal and 50.3% of postmenopausal patients received adjuvant chemotherapy, respectively (OR: 2.95, CI95%: 2.37-3.67, p < 0.0001). Premenopausal patients were more often treated with adjuvant anthracyclines, with or without taxanes, than postmenopausal patients (92.7% versus 83.7%: OR = 2.46, CI95% = 1.62-3.75, p < 0.0001). This difference was not significant considering anthracyclines alone: 49.8% versus 48.5%, respectively (p = 0.68), but was significant for anthracyclines plus taxanes: 42.9% versus 35.3%, respectively (OR = 1.38, CI95% = 1.08-1.77, p = 0.011).
Tumor stage at first diagnosis greatly influenced the decision to use adjuvant chemotherapy as shown in Table 4 . The pT category influenced the type of chemotherapy administered: the use of CMF-like therapy decreased from 13.6% of pT1mic/pT1a/ pT1b to 9.9% of pT1c and to 6.9% of pT2/pT3/pT4b (pT1mic/pT1a/ pT1b versus pT2/pT3/pT4b: OR = 2.12, CI95% = 1.15-3.94; pT1c versus pT2/pT3/pT4b: OR = 1.48, CI95% = 0.93-2.36, p = 0.047) At the same time anthracyclines plus taxanes increased from 25.8% of pT1mic/pT1a/ pT1b to 34.6% of pT1c and to 46.4% of pT2/pT3/pT4b (pT2/pT3/pT4b versus pT1mic/pT1a/pT1b: OR = 2.50, CI95% = 1.62-3.85; pT1c versus pT1mic/pT1a/pT1b: OR = 1.52, CI95% = 0.99-2.34, p < 0.0001). The use of anthracyclines alone decreased from pT1mic/pT1a/pT1b to pT1c (58.3% and 50.9%, respectively) and to pT2/ pT3/pT4b (43.5%) (pT1mic/pT1a/pT1b versus pT2/ pT3/pT4b: OR = 1.82 CI95% = 1.23-2.69; pT1c versus pT2/pT3/pT4b: OR = 1.34 CI95% = 1.04-1.73; p = 0.005).
A correlation was also seen between pN staging and higher rates of adjuvant chemotherapy prescription. • CMF 6 cycles iv day 1 and 8 q28d 53 (4.8)
• CMF 6 cycles iv day 1 q21d 9 (0.8)
• CMF 3-4 cycles iv day 1 and 8 q28d
11 (1.0)
• AC 4 cycles 89 (8.1)
• AC 6 cycles 27 (2.5)
• E 90 C 4 cycles 56 (5.1)
• E 75 C 4 cycles 9 (0.8)
• FE 75 C 6 cycles 131 (12.0)
• FE 90 C 6 cycles 95 (8.7)
• FE 100 C 6 cycles 29 (2.6)
• FAC 6 cycles 8 (0.7)
• Canadian CEF 6 cycles 16 (1.5)
• Epidoxorubicin 4 cycles -CMF 4 cycles 5 (0.5)
• AC 4 cycles -CMF 3 cycles
(1.4)
• FEC 3 cycles -Docetaxel 3 cycles 118 (10.8)
• AC/EC 4 cycles -Docetaxel 4 cycles 127 (11.6)
• TAC 6 cycles + G-CSF
(2.7)
• AC/EC 4 cycles -Paclitaxel q3wks 4 cycles 39 (3.6)
• FEC/EC 4 cycles -weekly Paclitaxel x 12 43 (3.9)
• A/EP 4 cycles -CMF 4 cycles 7 (0.6)
• ET 6 cycles 12 (1.1)
• TC 4 cycles 19 (1.7)
• TC 6 cycles 8 (0.7)
• Others 116 (10.6) C = Cyclophosphamide; M = Methotrexate; F = Fluorouracil; A = Doxorubicin; E = Epirubicin; P = Paclitaxel; T = Docetaxel. HER2 status determined the choice of a regimen containing anthracyclines (with or without taxanes): 94.4% HER2-positive cases versus 85.0% HER2-negative (OR = 2.98, CI95% = 1.71-5.21, p = 0.0001). This data must be particularly applied for regimens with anthracyclines plus taxanes (43.5% versus 36.6%, respectively: OR = 1.33, CI95% = 1.01-1.76, p = 0.048) but not for regimens containing anthracyclines alone without taxanes (50.9% versus 48.4%, respectively, p = 0.47).
Analyzing HER2 as compared to other biological subtype (Table 6 ), prescription of CMF was constant between luminal A (11.4%), luminal B (7.8%) and triple-negative (10.6%), while it was little decreasing in HER2-positive disease (4.1%) (luminal A + B + triple negative versus HER2: OR 2.63 CI95%: 1.38-5.04, p = 0.004). At the same time there is an increasing use of anthracyclines and taxanes in HER2-positive disease (43.5%) versus luminal A (36.6%), luminal B (37.0%), triple negative (36.6%). This difference was borderline significant (HER2+ versus luminal A + B + triple negative; p = 0.06).
Combining pathological stage with biological characteristics ( Table 7 ) we noted that administration of anthracyclines and taxanes increased with increasing pathological stage independently from biological subtype. At the same time the administration of anthracyclines alone decreases with increasing pathological stage.
Discussions
The results of this observational study, conducted throughout oncologic centres of Northern, Central and Southern Italy, is representative of Italy with respect to the choice of adjuvant chemotherapy for breast cancer.
The first important consideration is about demography and biology of breast cancer of this population study. In fact, most patients (85.5%) had ER or PgR-positive (≥1%) breast cancer, while only 14.5% had both ER and PgR 0%. Triple negative cases were 8.7%, 16.1% HER2-positive independently from hormonal receptors status. These results are probably influenced by a high proportion of postmenopausal patients (nearly 70%) and by those aged ≥70 years (21.7% of the population study). In the previous reported observational study conducted by Cazzaniga et al. between 2000 and 2004 [17] , elderly patients were 18.5%, despite the biological characteristics being similar to this study. The second important consideration is about stage. In the current study there is a lower incidence of high-risk nodal disease (pN2-pN3), which decreased from 17.1% of NORA to 9.9% of NEMESI study (p = 0.0001). This is probably due to more extensive use of breast cancer screening in recent years in Italy. Probably, for the same reason, pT1 increased from 59.7% of patients in NORA to 67.0% of NEMESI (p < 0.0001).
These demographical, pathological and biological characteristics seem to be in contrast with the high rate of adjuvant chemotherapy prescription. 57.8% of the population study received adjuvant chemotherapy. Population study was composed by 85% of endocrine responsive breast cancers, 84% of HER2 negative, 61% of nodenegative and 2 of 3 cases with tumor diameter inferior to 2 cm, 22.3% ≤1 cm. International guidelines recommend the use of adjuvant chemotherapy on the basis of all prognostic and predictive parameters but in general it is not recommended for patients with pT1, pN0, ERpositive, low proliferation index, HER2 negative breast cancer. We noted that, overall, 38.1% of luminal A population was treated with adjuvant chemotherapy: 6% in Table 4 .
NEMESI study identified tumor and patient characteristics that were important determinants in the decision to prescribe a chemotherapy regimen and the choice of chemotherapy type. Whereas adjuvant chemotherapy prescription by Italian oncologists is influenced by prognostic and predictive parameters, type of adjuvant chemotherapy is significantly influenced by age, menopausal status and above all by the risk of recurrence (pT and pN), but not by biological predictive factors. In fact, prescription of CMF-like regimen decreases with increasing pT and pN in favor of the use of anthracyclines plus taxanes. In particular, as previously reported, considering small tumors pT1a and pT1b compared to larger tumors, CMF-like prescription decreases from 14.2% to 9.9% of pT1c and 6.9% of pT2, pT3, pT4b [19] . More recurrence risk is, more is the use of the most effective regimen anthracyclines plus taxanes. The choice for anthracyclines plus taxanes should be considered not on the basis of pT and pN but on the basis of sensitiveness to chemotherapy. As indicated by St. Gallen guidelines, luminal B, HER2 and triple negative should receive both anthracyclines and taxanes, which, on the contrary, are treated with this regimen in only 37.0%, 43.5% and 36.6% of cases, respectively.
Another important issue is about older age and prescription of the type of adjuvant chemotherapy. In fact, administration of CMF-like regimen was more frequently used for women aged ≥70 (27.0%) than for women under 70 (9.1%) and, as previously reported, this percentage increased until 50% considering only pT1a and pT1b tumors [19] . This choice is in contrast with data from randomized trials conducted in elderly women in whom CMF-like was demonstrated to be more toxic and less feasible compared to anthracyclines, like AC regimen [20] . On multivariate analysis, the only biological parameter little influencing the choice of chemotherapy type is HER2. In HER2-positive breast cancer patients, anthracyclines use increased; this is probably also influenced by the results of a meta-analysis by Gennari et al. [21] . There was an overall increase in anthracyclines use in HER2-positive versus HER2-negative patients (absolute increase: 9.4%); however, while anthracyclines alone were prescribed equally between HER2-positive and HER2-negative patients, there was higher use of anthracyclines plus taxanes in HER2-positive versus HER2-negative patients (absolute increase: 6.9%). This data is also consistent with a meta-analysis conducted by De Laurentiis et al. [22] which demonstrated that chemotherapy containing anthracyclines plus taxanes is more effective than anthracyclines alone in HER2-positive breast cancer.
Finally, patients treated with chemotherapy included schedules with CMF-like regimen or AC/EC for four cycles. Recently, EBCTCG demonstrated that these regimens remain suboptimal schedules in terms of efficacy. We know from EBCTCG metanalysis that more effective chemotherapy regimens included anthracyclines with doxorubicin with a dose of at least 60 mg/m 2 per cycle or epirubicin with a dose of at least 90 mg/m 2 per cycle with cumulative dose of more than 240 mg/m 2 and 360 mg/m 2 , respectively, or regimens including anthracyclines plus taxanes [23] . Overall, 25.3% of population study was treated with CMF-like or AC/EC four cycles and 12% with FEC for 6 cycles but with suboptimal epirubicin dose per cycle (75 mg/m 2 ). These data were confirmed also for particular sensitive disease to chemotherapy, HER2-positive and triple negative, in which suboptimal chemotherapy with CMF-like or AC/ EC for 4 cycles was prescribed in 24.2% and 22.2%, respectively. FEC 6 cycles with epirubicin 75 mg/m 2 was adopted in 12.3% and 11.8%, respectively.
Conclusions
This observational study showed a possible 25% of over prescription of adjuvant chemotherapy for early breast cancer, particularly referred to luminal A biological subtype. Prognostic parameters (pT and pN) and only marginally HER2 were the principal determinants for the prescription of the type of chemotherapy, with the use of more effective regimen (anthracyclines and taxanes) with increasing risk recurrence and HER2-positive. Suboptimal chemotherapy regimens (CMF-like or AC/E or FEC with suboptimal epirubicin dose) were adopted in at least one third of highly chemosensitive disease (HER2-positve and triple negative).
